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N° II. 

Explanation of an Optical Deception. 
BY D. RITTENHOUSE. 

Read March QOME experiments were long ago commu- 
|[3 nicated to the Royal Society of London, 
{hewing, that through the double microfcope, the furfaces 
of bodies fometimes appear to be reverfed, that is, thofe 
parts which are elevated feem deprefled, and the contrary. 
But the caufe of this appearance, for any thing I know, 
remains fthTto be explained. 

In order to produce this effect, no other apparatus is 
neceflary than two convex lenfes placed in a tube, at a 
diftance from each other nearly equal to the fum of their 
focal diftances. Through thefe glafles, objects that appear 
diftinctly, always appear inverted ; for they are not feen 
directly, but by means of an image formed either between 
the two glafles, or between both of them and the eye. 

If we look through fuch glafles at cornifhes, picture 
frames and other mouldings in carpenters work, and fome 
forts of carved work, thofe parts which are raifed general- 
ly appear deprefled, and thofe parts which are deprefled 
appear raifed. But a very ready object, and which fuc- 
ceeds as well as any thing I know of, is a brick pave- 
ment ; whether it be a chimney-hearth, or pavement out 
of doors. Viewed through the tube above defcribed, every 
little cavity in the bricks, and the chinks between them, 
almoft always appear to be fo many elevations above the 
furface of the bricks. 

When I confidered this odd appearance, the firft pro- 
bable caufe that offered was, that thofe parts of the object 
which are funk, and fartheft from the eye, might have 
their correfpondent parts of the image formed by the glaf- 
fes nearefl to the eye, and therefore would appear raifed. 

But 
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But this is not the cafe ; for thofe parts which are fartheft 
from the eye in the object, will always be fartheft from 
the eye in the image, and often in a much greater propor- 
tion. After fome time I concluded it to be a neceffary 
confequence of the apparent inverfion of the object ; and 
many things tended to confirm me in this opinion, before 
I made the experiments which feem perfectly decifive. 

It has often been matter of fur prize to me, when view- 
ing the moon through a good telefcope, in company with 
perfons not accuftomed to fuch obfervations, that whilft 
the cavities and eminences of the moon's furface appeared 
to me marked out with the utmoft certainty by their light 
and fhades, my companions generally conceived it to be 
a plain furface of various degrees of brightnefs. The rea- 
fon I fuppofe to be this ; the aitronomer knows from the 
moon's fituation with refpect to the fun, and even from 
the figure of its enlightened part, precifely in what direc- 
tion the light falls on its furface, and therefore judges 
rightly of its hills and vallies, from their different degrees 
of light, according to thofe rules which are imperceptibly 
formed in the mind, and confirmed by long experience. 
But a perfon unacquainted with aftronomy knows nothing 
of the direction of the fun's light on the moon, nor does 
he attend to the moon's globular figure, and is befides, 
perhaps, poffefled with a notion of its being felf-luminous; 
no wonder then that the fame objecl: has a very different 
effect on bis imagination. It feems to be thofe rules of 
judging, which we begin to form in our earlieft infancy, 
which we fet afide, re-eftablifh, alter, correct and confirm, 
and at length rely on with the utmoft confidence, even 
without knowing that we do fo, or that we have any fuch 
rules : It is thefe rules, of fuch infinite general ufe to us, 
that fometimes miflead us on new and extraordinary oc- 
cafions, and particularly in the cafe now before us. A 
perfon entering into a room perceives, at a fingle glance, 
whence the light comes which illuminates the objects be- 
fore 
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fore him ; and that without remaining confcious for a mo- 
ment that he has attended to this circumftance : But the 
effect remains, and will influence his judgment. If on 
looking at a brick hearth he perceives that thofe lines which 
divide the bricks have a dark (hade on that fide oppofite 
to the light, and a bright ftreak on the contrary fide next 
to the light, he muft at the fame time perceive that they 
have the property which he has- conftantly obferved in 
ridges, not in furrows. And fince the appearance of the 
hearth will be fuch, through the glafies, in confequence of 
their inverting the fituation of its feveral parts, with refpect 
to the light, the obferver will inftantly pronounce the chinks 
between the bricks, and every little cavity in them, to be 
fo many perfect elevations above the common furface, nor 
can any effort of the mind correct the imagination or alter 
the appearance.. 

Though- 1 was well fatisfied of the truth of this expla- 
nation, I refolved neverthelefs to bring it to the tell of ex- 
periment, which I did in the following manner. 

In order to give my experiment fair play, I fhut all the 
windows of my chamber excepting one directly oppofite 
to the chimney. I then took the tube, with two convex 
glafies, and looking through it at the hearth, all the bricka 
appeared deprefled and the clefts between them elevated, 
as ufual.. I then placed a looking-glafs againft the chim- 
ney back, fo that it reflected the light from the window 
upon the hearth, and fet up a fmall board before the hearth 
to intercept the direct light of the window from it. Then 
looking at the hearth through the glafies, I was much 
pleafed to find it appear in its natural ftate, with the bricks 
elevated. I then fat down on a chair at the edge of the 
hearth, and looking through the tube which I held to my 
eye with one hand, whilft with the other I moved the 
board fo as to make it fometimes intercept the direct light 
of the window, and at other times the reflected light of 
the looking-glafs, I conftantly found that when the hearth 

was. 
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was illuminated by reflected light, it appeared in its na- 
tural ftate, and when illuminated by the direct light, in its 
unnatural ftate ; for fo I call it when the bricks appear de- 
prefled and the chinks between them elevated. 

I then considered that fince the hearth appeared in its 
natural ftate by reflected light, and in its unnatural ftate 
by direct light, only in confequence of the inverting pro- 
perty of the glafles, the appearance ought to be directly 
the contrary when it was viewed with the naked eye. And 
accordingly I found, upon taking out both of the glafles, 
and looking through the open tube, that the hearth ap- 
peared as perfectly, and as conftantly in its unnatural ftate 
by reflected light, and in its natural ftate by direct light, as 
it had before done the reverfe through the glafles. But it 
muft be obferved that fomething like a tube is neceflary to 
confine the fight from other adjoining objects, which not 
being in the fame circumftances would otherwife correct 
the imagination. 

If we look through fuch a tube and glafles at the hearth 
or other object, fuppofe a piece of chocolate, the furrows 
in it appear fo many ridges, on removing the tube they 
fink into furrows, on applying it they again rife into ridges, 
and the illufion might perhaps be repeated a thoufand 
times, without the mind being at all able to conceive the 
objecl: to appear through the tube like what it really is. 
But if whilft you are looking through the tube, and the 
object appears' in its unnatural ftate, that is, when its fur- 
rows appear ridges, you apply your finger and feel that 
they really are furrows, the deception vanifhes in a mo- 
ment and the object appears in its natural ftate. This I 
at firft fuppofed to arife from the fuperior confidence which 
we have in the fenfe of touching, as knowing by experi- 
ence that this fenfe more perfectly reprefents the figure of 
bodies than the fight does. But I was, at leaft in part, 
miftaken. For if whilft you fee the objecl: in its unnatu- 
ral ftate, another perfon puts his finger to the part you are 

looking 
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looking at, the deception vanishes as well as in the former 
cafe. The application of a writing pen or pencil will pro- 
duce the fame effect. And, which is very remarkable, 
after the mind has been undeceived by thefe means once 
or twice, it does not readily admit of the impofition again : 
Though, as I obferved before, if it be done by removing 
the glafies, the deception will return again as often as you 
pleafe. The truth feems to be, that the mind chufes the 
leaft difficulty; and though in confequence of the judg- 
ment it has formed concerning the direction of the light, 
it will fubmit to fuch a fmall impofition as to fuppofe one 
piece of chocolate may have ridges where ethers ufually 
have furrows, when indeed it has not, yet it will not rea- 
dily endure fuch a grofs one, as to fuppofe it to have cavities 
of the figure and colour of a finger or a writing pen. Or 
perhaps the vifible motion attending fuch application pro- 
duces the principal effect in convincing the mind that thofe 
bodies are really elevated*, and then their (hades and mo- 
difications of the light, fhew in what direction it falls on 
them ; and the miftake of the mind in that particular be- 
ing rectified, the whole object muft affume its natural ap- 
pearance. 

The explanation I have given of this phenomenon will 
account for an odd circumftance mentioned (I think) by 
Mr. Short; which once appeared fo whimfical to me as nei- 
ther to merit credit or attention. Mr. Short carefully ex- 
amined the CafTegrain telefcope, and in all probability fet 
it by the fide of one of the Gregorian form, in order to de- 
termine its comparative merits : He gives the preference 
to the Gregorian, and mentions as a principal defect of the 
CafTegrain telefcope, that it reprefents the mountains in the 
moon as vallies, and the contrary. I doubt not but this, 

F otherwife 

* Whilft I was making thefe'experiments, I thought of a carved filver ihoe buckle, as a very 
proper obje<ft to prevent a deception of this fort from taking place. But placing it on a brick 
pavement, and looking at it through the glafles, it neverthelefs appeared perfectly deprefTed. 
Precifely as if you had taken a buckle and ftrewing on it a white ftiining powder, had preffed 
it into the brick whilft foft, and then Removing the buckle, the glittering powder had remained 
in the impreffion. 
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otherwife unaccountable appearance, was occafioned intire- 
ly by its inverting the object, for the reafons above given. 
If it be afked, why then do not the common long refrac- 
tors, which generally invert, produce the fame decepti- 
on ? I anfwer, very probably they would do fo if fet befide 
a Gregorian reflector and the eye applied alternately to the 
one and to the other*. 



N° III. 
Defcription of the White Mountains in Neiv-Hampjhire. 

By the Rev. JEREMY BELKNAP of New-Hampshire. 

^ 7 g** HP HE white mountains in the northern part 
X of New-Hampfhire have, from the earlieft 
fettlement of the country, attracted the attention of aH 
forts of perfons. They are undoubtedly the higheft lands 
in New-England, and are difcovered in clear weather by 
vefTels coming on the eaftern coaft, before any other land ; 
but by reafon of their bright appearance are frequently 
miftaken for clouds. They are feen on fhore at the diftance 
of fixty or eighty miles on the fouth and fouth-eaft fides, 
and are faid to be plainly vifible in the neighbourhood of 
Quebec. The Indians had a fuperftitious veneration for 
them as the habitation of invifible beings, and for this 
reafon never ventured to afcend their fummits, and always 
endeavoured to difcourage every perfon who attempted it. 
From them, and the captives whom they formerly led to 
Canada through the pafs of thefe mountains, many fictions 
have been propagated through the country which have in 
time fwelled to marvellous and incredible ftoriesj particu- 
larly, 

* The above was written in 1774, when I had no achromatic aftronomical telefcope in my 
pofleflion. 



